REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  source,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  Uiis  collection  of  informaton,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number,  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE  3.  DATES  COVERED  (From  -  To) 

05-04-2012  Phase  1  Final  Report  January  2012  to  March  2012 


4.  TITLE  AND  SUBTITLE  5a.  CONTRACT  NUMBER 


Fabrication  of  High-Strength  Lightweight  Metals  for  Armor  and 
Structural  Applications 


W911QX-11-C-0023 


5b.  GRANT  NUMBER 

A 10-060 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Sc.D.  Professor  Vladimir  M.  Segal 


5d.  PROJECT  NUMBER 


5e.TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Engineered  Performance  Materials  Company,  LLC 
1 1228  Lemen  Road,  Suite  A 
Whitmore  Lake,  Ml  48189 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

W911QX-11-C-0023 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

US  Army  Research  Laboratory 
Suveen  Mathaudhu 
Aberdeen  Proving  Ground 
APG  MD  21005-5001 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release:  distribution  unlimited 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

CCRD-AD 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

W813LT 


13.  SUPPLEMENTARY  NOTES 

Prepared  in  cooperation  with  Novelis  Global  Technology  Centre  and  Honeywell  Electronic  Materials. 


14.  ABSTRACT 

A  new  conceptual  design  of  ECAE  die  for  plate  billets  was  developed  and  tested.  The  die  provides 
semi-continuous  processing  “pass-by-pass”  without  reshaping  and  preheating,  satisfies  conditions  of  industrial 
operation,  and  presents  potential  to  scale  up  ECAE  for  bulk  plates  and  sheets. 

The  new  processing  technology  “ECAE  +  warm  rolling”  was  demonstrated  for  aluminum  armor  alloy  AA  5083. 
High  strength  armor  plates  (YS  =  397  MPa,  UTS  =  446  MPa,  EL  =  10%)  were  delivered  to  the  Army  Research 
Office  for  ballistic  testing. 

ECAE  rolled  products  were  also  tested  for  superplastic  forming,  precision  bulk  forging  and  sheet  metal  forming. 
Superior  technical  characteristics  were  obtained  in  all  cases.  Material  degradation  during  Friction  Steer  Welding 
confirmed  necessity  for  fabrication  of  full  scale  armor  plates. 


15.  SUBJECT  TERMS 


Key  words:  ECAE,  die,  worm  rolling,  light  alloy  armor,  superplastic  forming,  precision  forging,  sheet  metal  forming. 


16.  SECURITY  CLASSIFICATION  OF: 

Unclassified 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 
OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

John  Brune 

a.  REPORT 

U 

b.  ABSTRACT 

U 

c.  THIS  PAGE 

u 

UU 

4 

19b.  TELEPHONE  NUMBER  (include  area 
code) 

(734)  306-6572 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


Engineered  Performance  Materials 

11228  Lemen  Road  -  Suite  A 


Whitmore  Lake,  Ml  48189 
Small  Business  Contact 

Vladimir  Segal 
Principal  Investigator/ CTO 
vladimirsegal(5)comcast.net 
(p)  (517)548 -3417 

(f) 


Phase:  I  with  option 

Topic  Number:  AlO-060 

Proposal  Number:  A-102-060-0402 
Report  Type:  Phase  I  Final 


Army  SBIR  Participating  Organization:  RDRL-ROE-M 


Contract  Number: 
Award  Amount: 
Award  Start: 
Award  End: 


W911QX-11-C-0023 
$119,376.80 
January  27,  2011 
March  8,  2012 


Title 

Fabrication  of  High-Strength  Lightweight  Metals  for  Armor  and  Structural  Applications 

Description  and  Anticipated  Benefits 

Engineered  Performance  Materials  in  conjunction  with  its  collaborators  at  Honeywell  Electronic 
Materials  and  Novelis  Global  Technology  Centre  has  successfully  performed  programs  of  Basic 
and  Optional  Plans. 

In  accordance  with  the  Base  Plan,  a  new  conceptual  design  of  ECAE  die  for  plate  billets  was 
developed  providing  effective  semi-continuous  processing  "pass-by-pass"  and  satisfying 
conditions  of  industrial  operation.  The  die  presents  potentials  to  scale  up  ECAE  for  metallurgical 
slabs  and  to  produce  bulk  products  such  as  rolled  plates  and  sheets.  The  new  processing 
technology  "ECAE  +  WR"  (warm  rolling)  was  demonstrated  for  aluminum  armor  alloy  AA  5083. 
Depending  on  rolling  reduction,  yield  stress  (YS)  and  ultimate  tensile  strength  (UTS)  in  large 
cross  section  products  might  be  so  big  as  YS  =  480  MPa  and  UTS  =  503  MPa  for  reduction  more 
than  90%  which  exceed  related  characteristics  of  ordinary  Temper  H343  on  70%  and  45%, 
respectively.  Large  billets  of  AA  5083  (15"  x  15"  x  3.2"  of  32  kg  weight)  were  ECAE'd  at 


temperature  250°C  and  rolled  at  temperature  150°C  to  plates  24"  x  24"  x  1"  (Fig.  1).  In  this 
case,  because  of  restricted  reduction,  the  attained  mechanical  properties  were  YS  =  397  MPa, 
UTS  =  446  MPa,  relative  elongation  RE  =  10%.  The  blanks  12"  x  12"  x  1"  of  AA5083  were 
delivered  to  the  U.S.  Army  Research  Office  for  ballistic  testing.  With  the  increase  of  the  billet 
size  to  30"  X  30"  x  6.5",  practically  available  properties  of  armor  plates  will  be  UTS  =  475  MPa 
for  thickness  1"  and  UTS  =  500  MPa  for  thickness  0.4".  On  the  other  hand,  bulk  ultra-fine 
grained  ECAE  and  ECAE+WR  billets  and  semi-finished  products  of  comparative  low  cost  may 
find  numerous  structural  applications  owing  of  their  superior  properties  and  fabrication 
characteristics. 
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Figure  1 


In  the  Optional  Plan,  fabrication  characteristics  of  ECAE  and  ECAE+WR  aluminum  alloys  AA5083 
and  AA5082  were  considered  for  specific  applications: 

1.  Superplastic  forming.  Processed  ECAE+  WR  AA5083  is  recrystallized  at  300C,  Ih.  With  75% 
rolling  reduction,  a  grain  size  is  just  2.5  microns.  During  annealing  to  temperature  500°C  the 
grain  size  increases  to  5.5  microns,  and  the  material  shows  elongation  more  than  400%  at  strain 
rate  10"^  sec.  Therefore,  ultra-fine  grained  stable  ECAE+WR  AA5083  is  the  superior  material  for 
high  temperature  -  high  strain  rate  sheet  forming  operations  in  numerous  applications. 

2.  Bulk  precision  forging.  As  superplastic  bulk  forming  requires  special  equipment,  thick  blanks 
after  ECAE  and  ECAE+WR  can  be  used  for  precision  forging  of  complicated  components  in  dies 
at  ordinary  presses.  Fig.  2  demonstrates  a  component  with  four  thin  long  fins  forged  at 
temperature  400°C  in  a  split  die  from  the  ECAE+  WR  AA5083.  The  ultra-fine  grained  structure 
provided  excellent  formability  and  low  forging  load  of  55t.  For  comparison.  Fig. 2  also  presents  a 
forging  from  the  ordinary  AA5083  with  grain  size  20  microns  at  similar  condition  and  load  55t. 


ECAE  +  WR  AA5083  ECAE  +  WR  AA5083 
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Fisure  2 


3.  Sheet  metal  forming.  It  is  also  attractive  to  use  the  annealed  ECAE+WR  light  alloys  in 
ordinary  sheet  forming  operations.  Related  technical  feasibility  was  demonstrated  for 
operation  of  cold  cap  drawing  of  sufficiently  thick  sheets  which  requires  high  workability. 
ECAE+WR  alloy  AA5083  after  annealing  300°C,  Ih  was  successfully  drawn  with  drawing  ratio 
D/d  =  1.76  (D  is  a  blank  diameter,  d  is  a  cap  diameter)  and  thickness/d  ratio  =  0.054  that  could 
not  be  attained  for  other  conditions.  Even  higher  drawing  ratio  D/d  =  1.97  was  observed  for 
ECAE+WR  +anneal  275°C,  Ih  AA5082.  See  Fig.3. 
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Figure  3 


4.  Friction  Steer  Welding  (FSW)  of  ECAE+WR  AA5083  was  performed  for  thickness  0.25".  A 
micro-structural  analysis  detected  (i)  weld  area  with  fully  recrystallized  grains  of  5-6  microns 
and  hardness  HRB  =  15,  (ii)  heat  affected  area  with  partially  recrystallized  structure  and 
hardness  HRB  =  40,  and  (iii)  area  of  the  original  ultrafine  structure  with  a  few  recrystallized 
grains  and  hardness  HRB  =  65.  As  it  leads  to  significant  degradation  of  structure  and  properties, 
fabrication  of  mono  armor  plates  by  ECAE+WR  is  the  most  desirable.  An  additional  R&D  work  is 
necessary  to  reduce  a  heating  effect  of  FSW  and  improve  the  weld  uniformity. 


